This study aimed to determine influence of corn inclusion on glutathion peroxidase (GPx) activity, selected minerals concentration, and gene expression in sheep-fed palm kernel cake (PKC) and urea-treated rice straw. Twenty-seven of Dorper sheep were divided into three groups and fed a basal diet of (20% rice straw and 80% concentrate) with addition of ground corn at either 0% (T1), 5% (T2), or 10% (T3), respectively. After 120 days feeding trial, all animals were slaughtered and tissue samples of kidney, liver, and muscles were taken for enzyme and mineral analyses. The results showed that Cu concentration in the liver was lower treatment T3 compared to the control and T2. The serum activity of GPx was higher in T2 than in T3 at day 120 of experiment. Serum malondialdehyde (MDA) concentrations decreased at day 80 in sheep on T3, whereas MDA of liver increased linearly with increasing corn supplementation. The qRT-PCR analyses revealed significant up-regulation of ATP7A and MIa genes in T3, while hepatic Cu/Zn SOD, GPx1, and GPx4 mRNA showed a higher expression in lamb hepatocytes in T3 compared to those on T1. Present study results suggest that feeding PKC as basal diet can increase antioxidant activity, but cause liver dysfunction in sheep. Inclusion corn was found to regulate transcriptional levels of the GPx family and metallothionein genes. These genes may play a role in the antioxidant protection response and reduce incidence of toxicity associated with Cu.
Introduction
Availability of feed leads to the usage of costly supplementary feeding sources which has prompted much research on the physiological effects of nutritional restrictions and complementary feeding (Prescott et al. 2008) . In many tropical countries, under-nutrition of livestock is fairly common owing to the inadequate pasture conditions and the type of feedstuff used. Such insufficient nutritional intake leads to the utilisation of body fat and protein reserves to support the energy needs of the animals. Hence, it is important to assess the physiological indicators of nutritional status and its adaptation mechanisms arising from insufficient nutrient intake.
Palm kernel cake (PKC) is a major byproduct from the extraction of oil from the kernels of the palm fruit and is available in many tropical countries, such as Malaysia, Indonesia, and Nigeria (Jahromi et al. 2017) . Palm kernel cake is a good source of energy for ruminants and also provides considerable amount of crude protein. However, it contains high amounts of copper (Cu) (11-55 mg/kg dry) matter, which is critical to the sheep (Rahman et al. 1989 ). Nevertheless, the previous studies have shown that adding chelating agents such as ammonium molybdate,
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146 Page 2 of 10 zinc sulphate, and sodium sulphate in feed formulations resulted decrease of Cu solubility in rumen and Cu accumulation in the liver of sheep (Abdullah et al. 1995; Ivan et al. 1999) . Thus, dietary manipulation is critical to reduce Cu absorption and tissue accumulation in sheep fed with PKC.
In developed countries, corn is the widely grown grain with large production annually. It is the main grain for feeding poultry and to some extent ruminants. Corn grain has a potent antioxidant that protects the body against harming by free radicals responsible for cellular damage (Hall et al. 2009 ). Some of the known antioxidants found in corn grain are ferulic acid, anthocyanins, zeaxanthins, and lutein. Inclusion of corn as energy source into PKCbased diet may enhance the antioxidant defense system and protect the cells against Cu toxicity.
Ruminants have an antioxidant defense system that protects the functional and structural integrity of the cells. Constituents of this system include glutathione peroxidase (GPx) and thiobarbituric acid-reacting substances (TBARS), which are considered to be a multifunctional antioxidants linking the different scavenger systems (Mayne 2003; Yue et al. 2009; Singh et al. 2009 ). The previous studies showed that these two systems are sensitive markers of oxidative stress, as their levels may change in response to reactive oxygen species (ROS) primarily GPx which is a selenoenzyme responsible for the elimination of reactive oxygen species (Craig et al. 2007; BV et al. 2011) . Furthermore, copper stress has led to the expression of a panel of genes that play a role in the cellular and molecular events leading to toxicity in the liver cells (Merle and Weiskirchen) . The incorporation of Cu into metallothionein (MT) is an example of the cells' defense mechanisms to protect its structure from Cu toxicity and to prevent oxidative damage. Pal and Prasad (2015) showed that hepatic MT-Ia gene expression increased significantly but that of hepatic ATP7B remained unaltered due to chronic Cu-intoxication in the Wistar rat model for nonWilsonian brain Cu toxicosis. However, there has been limited study examining the effects of Cu toxicity on the regulation of genes related to antioxidant defense systems in sheep (Juszczuk-Kubiak et al. 2016) . The effects of corn inclusion into PKC diet on the Cu toxicity and antioxidant systems in Dorper sheep are still unknown. Hence, this study was conducted to determine the effect of corn supplementation into PKC-urea-treated rice straw (PKC-UTS)-based diet on selected mineral concentration (Cu, Se, Fe, and Zn), antioxidant enzymes (GPx and MDA) in the blood serum, liver, and kidney, and the expression pattern of genes related to antioxidant protection response and copper toxicity expression (ATP7A, MIa, Cu/Zn SOD, GPx1, and GPx4) of Dorper sheep.
Materials and methods

Experimental design and feeding trial
The animal experimental procedures were conducted in compliance to the Animal Utilisation Protocol approved by the Institutional Animal Care and Use Committee (IACUC) of Universiti Putra Malaysia (Reference no.: UPM/IACUC/ AUP-R064/2016). Twenty-seven 6-month-old male Dorper lambs (average live weight of 15.00 ± 0.59 kg) were randomly assigned to three treatment groups of nine animals each and fed a basal diet of PKC-UTS supplemented with either 0% (control, T1), 5% (T2), or 10% (T3) ground corn. The basal diet consisted of UTS (20%) and PKC ranging from 65.3 to 70.3%, with the corn substituting the PKC (Table 1 ). The three diets were formulated be iso-nitrogenously and iso-caloric. The rice straw was treated with urea according to method described by Wanapat et al. (2009) 
Blood sampling
Blood samples (5 mL) were collected from the jugular vein using non-heparinized vacutainer tubes from each sheep before feeding at days 0 (beginning of the trial), 40, 80, and 120. The serum tubes were kept slanted for 1 h and centrifuged at 3000g for 10 min. Serum was collected and kept at − 20 °C.
Animals slaughtering and tissues sampling
After 120 days of feeding trial, five lambs were chosen randomly from each treatment and were slaughtered according to the standard protocol outlined in the 
Determination of mineral content
Liver and kidney tissues were digested according to the protocol described by Kolmer et al. (1951) . The tissues (1 g) were wet-ashed in 10 mL of concentrated HNO 3 (98%) and 5 mL of HClO 4 . The concentrations of Cu, zinc (Zn), and iron (Fe) were determined using an Inductively Coupled Plasma Atomic Emission Spectrometer (ICP-OES) (model Optima 8300). The concentration of selenium (Se) was measured using an ICP Mass Spectrometer ELAN DRC-e Axial Field Technology (Perkin Elmer SCIEX, Waltham).
Determination of antioxidant enzymes
Glutathione peroxidase (GPx) concentration in blood serum, SS, ST, LL muscles, and liver tissue were determined with Glutathione Peroxidase Assay Kit according to the manufacturer's protocol (Cayman Chemical Company, Ann Arbor, MI, USA). The malondialdehyde (MDA) content in these tissues was determined using thiobarbituric acid reactive substance (TBARS) assay (Pareek et al. 2013 ).
Gene expression analysis
For RNA extraction, 30 mg of liver (9 samples/treatment), with each sample duplicated three times, were used. Total RNA was extracted from liver tissue with RNeasy ® tissue mini kit (Qiagen, USA) according to the manufacturer's protocol. The extracted RNA was quantified with ND-1000 NanoDrop spectrophotometer (NanoDrop Technologies, USA). The cDNA was synthesised from 1.5 µg extracted total RNA using Transcription First-Strand cDNA Synthesis Kit (Qiagen, USA). Aliquots of cDNA were used as the template for quantitative real-time polymerase chain reaction (qRT-PCR) in accordance with Bustin et al. (2009) .
Quantative real-time PCR (qRT-PCR) was conducted to examine the transcriptional level of two selenoprotein genes (glutathione peroxidase 1, GPx1 and glutathione peroxidase 4, GPx4) and three genes associated with metallothionein (ATP7A; Metallothionein-Ia, MIa, and Cu/Zn Superoxide Dismutase, Cu/Zn SOD). Both of the β-actin (ACTB) and glyceraldehyde 3-phosphate dehydrogenase (GAPDH) genes were used as reference genes. The primers of these genes were designed using Primer 3 Plus (NHK Bioscience Solutions Sdn. Bhd) based on Ovis aries sequences in the GenBank. The primers were synthesised by BioNeer Corporation (South Korea). The information of the primers is presented in Table 2 .
The qRT-PCR was performed using Light Cycler 96 System CFX96 Touch Real-Time PCR Detection System (BioRad, USA), in 96-well optical reaction plates with a total reaction volume of 25 µL. The reaction mixture consisted of 1 µL of each primer, 12.5 µL of SYBR Green Master Mix (Qiagen, USA), 9.5 µL of PCR-grade water, and 1 µL of cDNA. The amplification program involved 10 min of initial denaturation at 95 °C, 40 cycles of denaturation (10 s, 95 °C), annealing (9 s, 59-61 °C), and elongation (20 s, 72 °C). The comparative CT method (ΔΔCT) expression of the examined genes was normalized with the endogenous control hypoxanthine phosphoribosyltransferase 1. CT values are means of duplicate measurements. Comparative CT quantification was determined by the ΔΔCT method.
Statistical analysis
All statistical analyses were performed using one-way analysis of variance (ANOVA) procedure in Completely Randomized Design (SAS 9.4) software (SAS Inst. Inc., USA) at the 95% of confidence level. Significant differences among treatment means were compared using Duncan's new multiple range test. The collected data of minerals tissues concentration and antioxidant enzymes were analyzed by employing GLM procedure applicable for SAS.
Results
Minerals concentration in liver and kidney tissues
The concentrations of Cu, Fe, and Zn in the liver (n = 9) and kidney (n = 9) of sheep are presented in Table 3 . The amount of Cu in the liver (P < 0.01) was significantly lower in lambs on diet T3 compared to those on diet T1 and diet T2. The concentration of Se in the liver of lambs was not significantly different among all treatment groups. The concentrations of Zn and Fe in the liver of lambs on diet T2 were significantly higher (P < 0.01) than those of T1 and T3.
In the kidney, Cu concentration was significantly greater in lambs on treatment T2 compared to those of T1, but was not significantly different to that of T3. The concentration of Se was observed to be lower (P < 0.05) in T3 than either T1 or T2. The Zn concentration in the kidney of lambs in treatment T2 and T3 was significantly higher than those in T1. There was no significant difference in Fe concentrations in the kidney of the lambs (P > 0.05) for all treatment groups in the present study.
Glutathione peroxidase (GPx) and malondialdehyde (MDA) in serum, muscles, liver, and kidney of sheep
The mean GPx enzyme of the SS, ST, and the LL muscles are summarized in Table 4 . No significant differences (P > 0.05) were observed on the concentration of GPx in blood serum on days 0, 40, and 80 of the feeding trial among all treatment groups (Table 4) . However, the serum GPx at day 120 was significantly higher in lambs on treatment T2 compared to those on treatments T1 and T3 (Table 4 ). The GPx concentration in the SS muscle was not significantly affected by the dietary treatments. On the other hand, the GPx of the ST muscle was significantly higher (P < 0.05) in T1 and T3 compared to those on treatment T2. The concentration of GPx in the LL muscle decreased with increasing corn supplementation. There were significant differences (P < 0.001) among treatment groups with T1 being higher than T2 and T3 at 37.05, 5.29, and 11.42 U/L respectively. In the liver, GPx was not significantly affected (P > 0.05) in sheep-fed corn dietary among all groups. The other essential antioxidant measured was MDA concentrations in the blood serum, muscles, and liver of sheep, and is shown in Table 5 . Serum MDA concentrations increased dramatically at day 80 for all treatments and then declined at day 120 compared to the initial values, such that there were no significant differences among all treatment. The concentration of MDA at day 80 was significantly (P < 0.001) lower in treatment T2 and T3 compared to the control group. In addition, meat lipid oxidation stability was affected by the inclusion of energy to the PKC diet. The most lipid oxidation stability in the SS muscle was almost similar among the groups in the study (P > 0.05). Lower (P < 0.01) MDA values were detected in the ST muscles of those in the T1 and T2 group compared to the T3 group. Higher (P < 0.05) MDA values of LL muscle were found in the T2 treatment than in the T1 and T3 diet groups. Liver MDA concentrations were significantly higher in the T3 group than in the other groups (P < 0.01).
Gene expression analysis
The results in Fig. 1 show a proportional increase in ATP7A and MIa in the liver of sheep fed with different levels of inclusion of corn. The supplementation of corn significantly (P < 0.01) increased the expression of ATP7A in the liver of sheep on treatment T3 compared to those on T1. Moreover, the MIa expression in the liver was significantly (P < 0.001) higher in T3 than in the others. T2 (5% corn) was lower in ATP7A and MIa expression compared with the control group of T1. Hepatic Cu/Zn SOD, GPx1, and GPx4 mRNA expression levels between treatment groups are depicted in Fig. 2 . There were significantly (P < 0.01) increased expressions of Cu/Zn SOD and GPx4 genes in the liver tissues of the T3 with the 10% corn compared to the T1. However, the results show that there were no changes in the expressions levels of the hepatic GPx1 gene among the T1, T2, and T3. Significantly lower (P < 0.01) Cu/Zn SOD and GPx4 concentrations were seen in the liver tissues of the T2 lambs compared to the control group.
Discussion
Minerals concentration in liver and kidney tissues
The use of PKC as main ingredients in the main ingredients in diets of ruminants has received attention by nutritionist throughout the world. Although it has fair amount of crude protein (14-18%) for ruminant, the high concentration of copper (Cu) (11-55 mg/kg dry matter) has particularly discouraged farmers and feed millers from using it (Alimon 2004 ) for fear of copper toxicity. The livers of young ruminants generally contain high concentrations of Cu (> 200 mg of Cu/kg liver DM) (Hidiroglou and Williams 1982; Branum et al. 1998 ) that are affected by maternal Cu status. In sheep affected with copper toxicity, the liver Cu concentration in most of the hemolytic crises reaches 1000-3000 ppm compared to 70-200 ppm in the kidney (Bostwick 1982) . It is interesting to note that this study showed no clinical symptoms associated with copper toxicity due to feeding high level of PKC throughout the experimental period and this is in line with the findings of Al-Kirshi et al. (2011) . Our results show that liver Cu concentration decreased in sheep on T3, but the concentration in kidney for the same group did not change and stayed within the normal range Table 4 Activity of glutathione peroxidase in the serum, muscles, and liver among different groups fed on experiment diets T1: (control, 0% corn), T2: (5% corn), T3: (10% corn) a,b Means in the same row with different superscripts are significantly different. NS not significant statistically (P > 0.05), **P < 0.01, ***P < 0.001 A U: is the amount of GPx that produces 1 µM of glutathione disulfide (GS-SG) per minute at pH 7.6 in room temperature. (Zantopoulos et al. 1996) which suggested that Cu levels in the kidney may provide diagnostic values in cases of a hemolytic crisis rather than the liver. The reduction of Cu concentration in the liver in treatment T3 might be due to rumen solubility, and the biological availability of Cu in PKC may be quite high in T1 (control group) (AlKirshi et al. 2011) . It has been hypothesized that Cu could be bound to denature the microbial protein or is present in another form that is insoluble in low pHs, such as CuS (Ward and Spears 1997) . The concentration of Cu in the kidneys of sheep in groups T2 and T3 were higher than that in the T1. From the data obtained in this study, it is concluded that corn inclusion diet increased the loss of Cu from the body through the kidneys. High Se concentrations were found in the liver of lambs in the T1 (control group) (0.74 ppm), although it is not statistically significant. Large Se concentrations were also present in the kidneys of sheep on control diet (2.06 ppm). The present findings are in agreement with Shi et al. (2011) and Aghwan et al. (2013) , who reported that the Se content of the muscles and kidneys of goats that received diets supplemented with Na-selenite were significantly higher than Bars with common letter differ significantly (P < 0.05) in the control animals. The high Se concentration in animals could be due to the high Se content in PKC. In addition, Lawler et al. (2004) observed that beef steers fed with supranutritional sources of Se showed a significant increase in the Se concentration in the kidney and liver. Combs Jr. and Combs (1986) indicated that Se concentrations usually rank highest in the kidney, intermediate in the liver, and least in skeletal muscles. Lawler et al. (2004) and Mateo et al. (2007) reported that animals supplemented with a threefold dietary Se concentration showed non-significant increments in the liver. However, this is in contrast to Yu et al. (2008) who found that selenium supplementation enhanced the concentration of Se in blood and liver of lamb significantly. Ruminal bacteria can transform Se to soluble forms of cysteine to selenocysteine and insoluble forms such as mineral Se and metal selenide (Van Ryssen and Schroeder 2003) .
The previous studies have reported that the high intakes of Zn could reduce Cu concentrations in the serum and livers of sheep (Kincaid et al. 1976; Kellogg et al. 1989) . In T1 and T2, the mean concentration of Zn in the liver of sheep was in the normal range and was almost the same as that of the kidneys. In contrast, the average liver Zn concentrations of sheep in treatment T3 decreased by approximately 1-2 times the levels found in T2. Concentrations of Zn in the kidney of sheep in T3 were greater than in the liver. These findings on elevated zinc levels in these organs (liver and kidney) support the previous findings (Hair-Bejo et al. 1995) . Thus, the elevation of Zn content in the organs in our study could be associated with the induction of metallothionein in the body (Hair-Bejo et al. 1995) . This metal-binding protein sequesters Cu and makes it non-toxic to tissues. Ivan et al. (1986) offered indirect proof of an heightened absorption of Fe, Zn, and, particularly, Cu without protozoa, as liver levels of these minerals and both plasma Cu concentrations rose drastically, while the enzyme of the Cu-dependent ferroxidase was elevated. On the other hand, the impacts of Cu, Fe, and Zn deposits were reduced in the whole liver compared to the impacts on the levels per gram of liver, clearly due to the reduced liver weights in protozoa-free animals. High dietary Fe in sheep (Suttle and Peter 1985) and rats (Yu et al. 1994 ) decreases Cu absorption. It has been amply publicized that high dietary Fe can significantly lower the Cu status in ruminants (Humphries et al. 1983 ). However, the present findings showed that average Fe and Zn concentrations in liver were not affected by corn inclusion.
Serum and tissue glutathione peroxidase and lipid oxidation in sheep
Oxidative damage is the result of oxidants and antioxidants imbalance at the cellular level and resulted oxidative changes of cellular macromolecules, cell death by apoptosis or necrosis, as well as structural damage to the tissue (Lykkesfeldt and Svendsen 2007) . In analyzed biochemical parameters such as GPx and MDA in the serum, muscles, and liver, there were wide deviations from the reference values for sheep (Hanan et al. 2014) . The results of this study show that measures of GPx concentrations in the serum are affected by treatment diets. Corn inclusion in sheep on treatment T2 significantly increased serum GPx at day 120 compared to the controls. The increased concentrations of GPx could be due to the PKC content of Se that helps the body in enhancing GPx creation. Many studies on lambs (Zachara et al. 1993; Juniper et al. 2009; Kumar and Jhariya 2013) documented that dietary Se supplementation significantly increased serum Se concentrations and GPx. Studies by Shi et al. (2011) on growing male Taihang black goats and Pavlata et al. (2012) on white short-haired goats reported that dietary supplementation from different Se sources significantly increased whole blood Se and GPx. However, there were insignificant difference of GPx serum for days 0, 40, and 80 due to the fact that GPx in whole blood, which reside mostly in the erythrocytes (BV et al. 2011) , depends mainly on the availability of Se during the formation of the entire erythrocyte population (Hamliri et al. 1990) .
Postmortem aging had no effect on GPx in the SS muscle, but affected ST and LL muscles. It could be that the lack of muscle GPx differences among the treatments in this study did not allow to reach the level of oxidation. However, other study suggested that liver GPx may be considered a good predictor of health risk (Ayisi and Zhao 2014) . Therefore, in our result, there were no significant differences among treatments, suggesting that corn could contribute a good source of antioxidant in the diet for sheep. BV et al. (2011) reported that elevations in the GPx could represent an adaptive change against potential liver injury and reflect the liver's capability to scavenge excess reactive oxygen species. Contrary to this, Gunter et al. (2003) observed no difference in concentration of GPx enzyme between sheep given inorganic or organic selenium. The content of MDA in serum in groups T2 and T3 was lower than the controls at day 80. In line with the results of this study, Cu deficiency in rats and the content of MDA decreased with the higher Cu intake and Cu/Zn ratios and was maintained at a relatively low levels (Duan et al. 2010 ). This could be due to the role of protozoa in minimizing the uptake of Cu. Faixová et al. (2016) reported that Se levels and GPx were significantly higher and MDA concentrations considerably lower in bacterial and protozoal fractions of the rumen fluid in Se-supplemented animals, which confirms the ability of rumen microflora to accumulate dietary energy. Shi et al. (2011) observed that MDA concentrations in the serum of growing male goats supplemented with different sources of Se in their diets were significantly lower than in the control.
The concentration of MDA showed a significant increase in the ST and LL muscles, but was insignificant in the SS muscle which could indicate no effect on lipid peroxidation. This is in agreement with Balogh et al. (2004) . The glutathione peroxides in tissues is closely connected to an increase in MDA concentrations. The study by Maraschiello et al. (1999) shows a positive relationship between GPx and TBARS. Li et al. (2012) stated that the inhibition in the formation of MDA by antioxidants during the cooking of meat products might result in reduced concentrations of MDA in plasma and urine. Liver MDA levels were significantly higher in sheep on treatments T2 and T3 than those on the controls. The significant increases of MDA in the liver of sheep fed with corn inclusion indicated that oxidative damage occurred in the liver, but the reason is not clear. On the other hand, Das (2011) reported the rise in MDA depletion in heat-induced oxidative stress in rat liver. These results indicated that the corn inclusion had protective effects on sheep hepatocytes probably by activating the antioxidant mechanism in the cells and preventing the chain reaction of lipid peroxidation (Oskoueian et al. 2014 ).
Gene expression analysis
The present findings point towards the major role of hepatic ATP7A and MIa expression in liver Cu accumulation due to the feeding of PKC (Fig. 1 ). Higher expression of ATP7A and MIa genes were upregulated in T3, while the expression for the same genes was depressed in T2 compared to the controls. These results are in agreement with the previous studies (Ravia et al. 2005; Pal and Prasad 2015) who suggested that greater Cu absorption led to larger Cu accumulations in the liver in group T3 which is associated with gene regulation. However, the exposure of hepatic cells to high levels of Cu motivated ATP7A movement from the trans-Golgi network to the plasma membrane to promote Cu efflux (Lutsenko and Petris 2003) . Han et al. (2009) identified ATP7A mRNA in bovine liver, a species in which liver Cu can be substantially high. Moreover, the increase in ATP7A in T3 occurred to raise Cu efflux as liver Cu. This is in agreement with the study conducted on rats by Ravia et al. (2005) . However, the unexpected findings on the decreased expression of ATP7A at T2 is in contrast with a study by Kim et al. (2010) who reported an increase in serum Cu concentrations which led to suggestions that ATP7A in the liver may have a role in Cu mobilization. The upregulation of MIa shown in the liver of T3 could be due to the adaptive response to rising intracellular Cu concentrations (Dirksen et al. 2017) . Kincaid (2000) suggested that the increased levels of MIa protein accounts for most of the increased Zn in the liver. The closely correlation between MIa mRNA and Zn suggests that Metallothionein in the genes is regulated by Zn (Paynter et al. 1990 ). However, the decrease in MIa expression in T2 was in agreement with the results found in rats as well as in the liver of Wilson disease patients (Delgado et al. 2008) . This was also hypothesized in North Ronaldsay sheep, a Cu toxicity susceptible breed, with a decrease in MAT protein levels upon Cu challenge (Simpson et al. 2006) . It was also demonstrated that the hepatic expressions of Cu/Zn SOD and GPx4 were highly and significantly upregulated in group T3. This upregulation might be influenced by the high feed intake in the diet which consequently provided a significant amount of minerals such as Cu, Se, Zn, and Fe. The previous findings in bovines indicate that Cu/Zn SOD mRNA was negatively correlated with liver Cu concentrations (Han et al. 2009 ). Approximately 60% of the Cu in erythrocytes is associated with Cu/Zn SOD (Kincaid 2000) . Regardless, Hansen et al. (2008) showed that hepatic Cu/Zn SOD mRNA tended to be down-regulated in severely Cu-deficient cattle. GPx4 is the major antioxidant enzyme that directly reduces phospholipid hydroperoxides within membranes and lipoproteins and provides protection of cells against oxidative stress (Brigelius-Flohé 2006) . These results corroborate the ideas of Hugejiletu et al. (2013) who suggested that expressions of GPx4 increased through both Se depletion and supra-nutritional Se-yeast supplementation. The level of the GPx4 in the liver of groups of sheep exhibited a significant response to changes in the level of corn. Our results suggest that GPx1 may be more sensitive to expression than GPx4. Juszczuk-Kubiak et al. (2016) confirmed the association between the response to mRNA expression and dietary Se might exist between the selenoproteins GPx1, GPx2, and GPx4, while our results show that GPx1 transcripts were insignificant in the liver of cornsupplemented group of sheep. Antioxidant can inhibit free radical production by chelating the transition metal catalysts, breaking chain reactions, reducing concentrations of ROS, and scavenging initiating radicals (Liska 1998 ). Venditti and Di Meo (2006) revealed the antioxidant depletion could be due to and not the cause of oxidative stress. Insignificant differential expression was found in the GPx1 of the experimental animals to reach to oxidation stress. It is generally recognised that Cu/Zn SOD and GPx form a network that provides the first line of cellular defense against oxidative stress, and the evidence shows that manipulating the expression of one enzyme may lead to an imbalance in antioxidant defenses (Omar and McCord 1990) .
Conclusion
It can be concluded that inclusion of corn could enhance biological resistance and prevent Cu toxicity in sheep fed with PKC-based diet. Corn inclusion appeared to alter the expression of genes associated with antioxidant and metal regulation and can reduce Cu partly by increasing endogenous losses.
